Summary.
The presence of Langerhans cells in the developing mucosal epithelium of mice was investigated by ATPase histochemistry and by electron microscopy. In the stratified squamous epithelium of the tongue and forestomach, a few ATPase-positive Langerhans cells could be recognized at 1 or 2 weeks after birth. They increased in number by 3 weeks of age, but the density was lower than that in the epidermis.
The ATPasepositive cells in the mucosal epithelium had longer (18-22 pm) dendritic processes; each cell thus occupied a large space. The mucosal Langerhans cell with elongated dendritic processes may well be responsible for the surveillance of a wide area in the defense system of the mucous membrane.
The cells had a clear cytoplasm among keratinocytes in the basal cell layer and, under the electron microscope, showed characteristics similar to those of the epidermal Langerhans cells; Birbeck granules were also recognizable in the cytoplasm.
Langerhans cells in the epidermis play an essential role in antigen presentation in the immunological defense system (TAMAKI et al., 1979; GREEN et al., 1980; FAURE et al., 1984) . In addition to the epidermis, Langerhans cells are widely distributed in the mucosal epithelium; lip, gingiva, buccal mucosa, tongue, hard palate, soft palate, floor of the mouth, palatine tonsil, pharynx, esophagus, stomach of ruminants, cornea and vaginal epithelium (summarized by KONDO et al., 1988) . However, the occurrence of Langerhans cells in developing epithelia has not been studied. KOBAYASHI et al. (1987) have reported that ATPase-positive Langerhans cells appear in the mouse skin at first on fetal day 16, then rapidly increase during the late fetal period when the epidermis has differentiated.
Langerhans cells gradually increase to the level of the adult skin by postnatal day 4. 
MATERIALS AND METHODS
Both male and female mice (strain, dd) were used at 1, 2, 3, 4 weeks and 2 months after birth. Eight mice at each age were used. Care of the animals in this investigation conformed to the Guide for Animal Research, Nagoya University School of Medicine. Under ether anesthesia, small pieces of mucosa were dissected from the forestomach and anterior half of the free part of the dorsal surface of the tongue. Hind limb skin was used for comparison.
Membrane-associated ATPase histochemistry
Small pieces of mucous membrane about 2 mm square were incubated with 3% dispase (grade II, Boehringer Mannheim Co., Ltd) in phosphate buffered saline at 37°C for 3 h. Epithelial sheets were peeled off the lamina propria. The sheets were washed three times with 0.1 M Tris-maleate buffer (pH 7.3) for 5 min, and fixed in 1 % paraf ormaldehyde in 0.1 M Tris-maleate buffer (pH 7.3) at 4C for 1 h. After being washed again with the same buffer, they were incubated at 37C for 20 min in a freshly prepared medium of ATPase assay system (ROBINS and BRAN DON, 1981) : distilled water, 3 ml; 0.2 M Tris-maleate buffer (pH 7.3), 5 ml; 0.1 M MgSO4i 1 ml; 2% lead nitrate, 1 ml; and ATP, 8 mg. Control experiments were simultaneously performed in the medium without ATP. Incubated epithelial sheets were washed and developed with 1% ammonium sulfide (yellow) at room temperature for 3 min. After mounting the sheets on glass slides with the lamina propria side facing up, they were observed under the light microscope. Light micrographs of areas chosen by shifting the specimen stage at random intervals were recorded at a magnification of 20 x or 40 x. The density of ATPase positive cells in the f orestomach was expressed as the number of cells per mm2 of epithelial sheets. In the tongue, the density was expressed as the number of cells per papilla, but not per area, because of the varying number of papillae in the unit area of developing tongue epithelium. Mean+SD was calculated.
The length of ATPase-positive cell processes in the tongue and forestomach was measured by personal image analysis system (LA-525, PIAS Co., Ltd.). Processes of 80 cells in each tissue were measured and the mean+SD was calculated.
Light and electron microscopy Small pieces of the tongue, forestomach and hind limb skin were fixed with 4% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.4) for 1 week and then fixed with 2% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for 2 h both at 4t. They were postfixed with 1% osmium tetroxide in 0.1 M cacodylate buffer (pH 7.4) for 90 min at room temperature. After dehydration with graded ethanol concentrations, they were embedded in Quetol 812. Ultrathin sections were cut vertically to the epithelial surface on a Porter-Blum MT-1 ultramicrotome using a diamond knife. Sections were stained with uranyl acetate and lead citrate and examined in a Hitachi H-800 or JEOL 100-CX electron microscope. For light microscopic observation, semithin sections about 1.0 um thick were cut and stained with 1 % toluidine blue.
RESULTS

Presence of ATPase-positive Langerhans cells in developing epithelium
Tongue: A few ATPase-positive cells were observed in 1 (Fig. la) or 2-week-old mice. Cells increased in number at 3 weeks of age (Fig. lb) and showed much more density at 4 weeks (Fig. lc) . They were located in the interpapillar, but not in the papillar region.
ATPase-positive cells commonly extended long cytoplasmic processes of 18.3+3.5, um in length (n=80) among keratinocytes. Figures id-f show the stages of differentiation of the tongue epithelium. Vertical sections of the epithelium showed that prominent papillae with a keratinized layer were formed at 3 weeks. Around this period Langerhans cells showed a clear cytoplasm among darkly stained epithelial cells in the basal cell layer of the interpapillae.
Forestomach: The f orestomach of mice is lined with a stratified squamous epithelium with a parakeratinized surface layer. A few ATPase-positive cells were found at 1 week (Fig. 2a) and 2 weeks of age. At 3 weeks many ATPase-positive cells appeared (Fig. 2b) and they increased in number at 4 weeks (Fig. 2c ). They were located among epithelial cells having long dendritic processes of 22.2+5.2, um in length (n=80). Each cell thus occupied a considerable area. Corresponding vertical sections showed the thickness of the epithelium gradually increasing in both parakeratinized and germinal layers by 4 weeks of age ( Fig. 2d-f ).
Density and morphological features of ATPasepositive Langerhans cells
The density of ATPase-positive cells in the mucosal epithelium of the tongue and the f orestomach is shown in Figure 3 , as compared with that in the epidermis. ATPase-positive cells both in the tongue and forestomach sharply increased in number at 3 weeks. However, the total number in the forestomach at 4 weeks was much lower than that in the epidermis. In contrast, many ATPase-positive cells appeared at 1 week in the epidermis and their density reached a plateau. The density in the adult epidermis (Fig. 4) was about 5 times more than that in the forestomach (Fig. 3) .
Representative shapes of the cell in each area of adult mice are schematically shown in Figures 5a-c. In the tongue and forestomach, where ATPasepositive cells were scattered in low density, the cell shape was highly dendritic, extending longer processes around 18-22, um. In contrast, the epidermis revealed a larger number of ATPase-positive cells, which were smaller in size and not so dendritic but rather polygonal or stellate in shape.
Ultrastructure of Langerhans cells in tongue and forestomach
Electron microscopy of Langerhans cell in the tongue (Fig. 6 ) and in the forestomach (Fig. 7) of adult mice revealed that it has cytological characteristics simi- lar to Langerhans cells in the epidermis. The outline of the cell was rendered irregular by its extending cytoplasmic processes. No desmosomes were found between the Langerhans cell and neighboring keratinocytes. The nucleus was irregularly indented. In the cytoplasm, dispersed intermediate filaments and well developed organelles were usually observed. Birbeck granules were recognized in the cytoplasm of the perinuclear region and sometimes in the cell processes (Fig. 6b) .
DISCUSSION
The present results indicate very few, if any, ATPase-positive Langerhans cells in the mucosal epithelium of 1 or 2 week-old mice. They were recognized at 3 weeks after birth, although fewer in number than the cells in the epidermis, the age when suckling has almost ceased. KONDO et al. (1988) have also mentioned that ATPase-positive Langerhans cells were recognizable first at 3 weeks in the mucosal epithelium of the mouse tongue. In the epidermis, ATPase-positive cells appeared already at fetal day 16, and increased to the adult level by postnatal day 4 (KOBAYASHI et al., 1987) . It is interesting that ATPase-positive Langerhans cells of the mucosal epithelium increased later in the digestive system. Using light microscopy, HILL (1977) found a small number of ATPase-positive cells at 2 days after birth in the palatal mucosa of rats. These cells had a round form, stayed only under the crests of the rugae and increased in number at 12 days of age. Some authors have also mentioned the occurrence of a few ATPase-positive cells in the oral mucosa (WALSH et al., 1986; RITTMAN et al., 1987) , but did not compare their population with that in the epidermis. Our present study made it clear that the ATPase-positive cells in the mucosal epithelium differed in density from epidermal cells. Factors causing this difference could be ascribed to environmental and/or immunological differences between the epidermis and mucosal epithelium.
Our results indicated a close relationship between cell density and cellular morphology. YOUNG (1985) also indicated that Langerhans cells varied in their morphology and density in the vaginal epithelium of ovariectomized mice. Langerhans cells were small and stellate when densely populating the epithelium undergoing atrophy by ovariectomy.
Cells became highly dendritic when they were sparsely distributed in the epithelium of increasing thickness due to elevated mitotic activity. RITTMAN et al. (1987) described age-associated morphological changes of Langerhans cells in the oral epithelium of mice. ATPase-positive cells in the epithelium of aged mice varied greatly in shape, with irregular cell bodies and more elongated dendritic processes. The numerical density of Langerhans cells in old mice was reduced by 30-59% as compared with that in young mice. SCHWARTZ et al. (1983) reported similar age-related changes in the hamster cheek pouch. These changes could be an adaptation to provide surveillance of a wider area by an individual cell when the cell density is reduced. Our results also showed that ATPasepositive cells in the mucosal stratified squamous epithelium were low in density, but had elongated dendritic processes. This suggests that each cell may be responsible for the surveillance of a wide area in the defense system of the mucous membrane.
Several studies concerning the distribution of Langerhans cells in the keratinized environment have been reported (HUTCHENS et al.,1971; SCHWEIZER and MARKS, 1977; DANIELS, 1984; YOUNG et al., 1985) and have discussed the relationship of Langerhans cells with the keratinization.
Our study showed that ATPase-positive cells in the mucosal epithelium of the tongue and f orestomach abruptly increased at 3 weeks, when the epithelium became thicker and was covered by a thicker keratinized layer. However, the relationship between the increasing number of Langerhans cells and the progress of keratinization of the mucosal epithelium is not yet clear.
Membrane-associated ATPase is one of the specific markers of Langerhans cells, although the physiological role of this enzyme in these cells is not fully understood (KOBAYASHI et al., 1987) . In addition, Langerhans cells express Ia molecules, which are supposed to be essential for the function of antigen presentation. It will also be interesting to know the distribution of la-positive Langerhans cells in the developing mucosal epithelium, an area now being investigated by our research group. 
